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In  a  distributed  generation  system,  divers  renewable  agents  are  connected  to 
the  low  voltage  3  phase  utility  grid  by  an  inverter  which  is  used  as  power 
condition  and  must  assurance  the  higher  efficiency  of  the  renewable  agent. 
To  achieve  this  level  of  efficiency,  a  unitary  power  factor  between  the  utility 
grid  voltages  and  the  inverter  currents  is  necessary,  and  a  synchronization 
algorithm  is  required  for  the  perfect  synchronization  between  the  3 -phase 
utility  grid  and  the  renewable  agent.  The  aim  of  this  paper  is  to  present  the 
optimization  of  the  performance  of  a  Synchronization  controller  for  a  3- 
phase  photovoltaic  grid-connected  system,  assessing  its  accuracy  under 
different  conditions  and  studying  their  drawbacks  and  advantages.  A  grid 
connected  photovoltaic  system  with  a  nominal  power  of  5  kW  is  used  so  as 
to  assess  the  behavior  of  the  synchronization  algorithm  when  the  3  phase 
utility  grid  is  affected  by  some  disturbances  such  as  voltage  unbalances. 
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1.  INTRODUCTION 

Solar  energy  has  become  the  most  popular  renewable  energy  source  where  in  energy  is  extracted 
directly  from  sun  employing  photovoltaic  modules  [1-4].  The  power  electronics  converters,  variable 
nonlinear  loads  and  voltage  regulators  inject  harmonics  to  the  grid  and  are  accountable  for  serious  power 
quality  problems  [5].  Indeed,  there  are  a  number  of  outstanding  problems  mainly  related  to  the  power  quality, 
such  as  reactive  power  compensation,  power  factor,  harmonics  and  voltage  regulation  in  a  photovoltaic 
system  connected  to  grid  [6].  The  global  performance  of  the  total  system  gets  affected  and  it  becomes  a 
serious  concern  for  the  final  users.  Any  integration  of  renewable  energy  sources  to  the  grid  has  to  meet 
standard  power  quality  requirements.  The  power  quality  expected  from  distributed  generations  has  been  the 
subject  of  discussion  and  standardization. 

In  a  Photovoltaic  system,  the  signal  quality  is  of  particularly  preoccupied  due  to  high  proportion  of 
nonlinear  and  single-phase  loads,  moreover,  switching  of  a  single -phase  load  can  depict  a  large  transient 
leading  to  sag  and  swell  of  voltage  signal,  generally,  the  grid  connected  Photovoltaic  system  fails  to  control 
harmonic  currents  and  the  reactive  power  drawn  by  the  nonlinear  load,  mostly  passive  filters  are  used  to 
control  the  harmonics  currents  generated.  But  due  to  divers  disadvantages  like  series/parallel  resonance,  these 
filters  have  been  changed  and  also  these  filters  are  not  suitable  for  certain  loads  [7] .  Active  power  filter  is  a 
better  choice  which  ameliorates  harmonic  compensation  features  of  the  passive  filter. 

In  this  works  new  control  algorithms  have  been  designed  focusing  on  increasing  the  performance  of 
the  connection  of  primary  renewable  energy  agents  to  the  low  voltage  3  phase  utility  grid.  It  is  essential  an 
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appropriated  control  of  the  power  factor  of  the  inverter  grid  connection  to  get  the  maximum  efficiency  in  the 
photovoltaic  agent,  and  the  synchronization  algorithm  will  be  one  of  the  aim  modules  in  detecting  the  phase 
angle  of  the  3  phase  utility  grid  voltages  with  optimal  dynamic  response,  the  Synchronous  Reference  Frame 
Phase  Locked  Loop  (dqPLL  method)  is  the  classical  synchronization  algorithm,  in  view  of  it  is  easy  to 
implement,  but  it  is  also  very  sensible  to  grid  voltage  unbalances  leading  to  errors  when  the  frequency  and 
phase  are  detected.  For  this,  a  big  amount  of  studies  has  been  carried  out  in  this  area  in  order  to  discover  a 
solution  to  this  fact,  as  may  be  found  in  [10-14],  the  most  of  them  showing  a  perspective  of  how  to  solve  this 
issue  when  the  detection  of  the  frequency  is  conducted. 


2.  GRID  CONNECTED  PHOTOVOLTAIC  SYSTEM 

this  paper  focuses  on  for  Photovoltaic  grid-connected  systems  is  to  control  the  power  flow  between 
the  primary  renewable  energy  source  and  the  utility  grid  [17],  in  addition  to  the  power  factor  of  the  inverter- 
grid  connection  with  high  power  quality  [18].  The  power  conditioner  should  guarantee  the  maximum 
efficiency  by  injecting  the  maximum  available  power  at  the  Photovoltaic  module,  also  by  controlling  the 
power  factor  of  the  inverter  grid  connection  in  a  four  quadrant  operation,  the  last  makes  use  of  the 
instantaneous  reactive  power  theory  [19]  for  3  phase  systems  which  enable  the  control  of  the  instantaneous 
active  and  reactive  powers  in  decoupled  d-q  axes  [20].  The  general  3  phase  Photovoltaic  grid  connected 
system  can  be  divided  into  two  subsystems  [18],  the  control  and  the  power  subsystems,  whose  block 
diagrams  are  depicted  in  Figure  1.  In  the  present  study,  the  power  converter  of  the  Photovoltaic  system 
shown  in  Figure  1  works  in  inverter  mode  (3  phase  Voltage  Source  Inverter  (VSI))  for  it  delivers  all  the 
incoming  power  from  the  PV  generator  into  the  3 -phase  utility  grid,  even  though  an  opposite  power  flow  is 
also  possible  (rectifier  mode),  being  capable  to  feed  local  dc  loads  from  the  utility  grid. 


3.  POWER  SUBSYSTEM 

The  power  subsystem  is  formed  by  the  Photovoltaic  modules,  a  converter  controller  by  MPPT,  and 
inverter  and  the  LCL  filter,  ensuing,  a  brief  description  of  each  block  is  developed. 

3.1  Photovoltaic  modules 

the  Photovoltaic  modules  are  the  aim  part  of  a  PV  system  [21].  There  are  various  kinds  of  PV 
module  technologies  with  different  levels  of  efficiencies  [1]-  [22].  The  function  of  a  Photovoltaic  module  is 
to  supply  the  necessary  power  for  the  renewable  grid  connected  system,  and  it  will  depend  of  the  temperature 
and  the  available  solar  irradiance  [23]  ,  signify  while  its  size  (arrange  of  parallel -series  PV  cells)  will  depend 
of  the  required  power  of  the  photovoltaic  system  [24] . 

3.2  The  converter  controller  by  MPPT 

the  boost  converter  is  used  not  only  to  uplift  the  Photovoltaic  array  output  voltage,  but  also  to  realize 
Perturb  and  Observe  (P&O)  scheme  in  Maximum  Power  Point  Tracking  (MPPT).  The  boost  converter 
connected  to  Photovoltaic  array,  forever  works  in  a  continuous  current  mode  and  the  current  ripple  is  reduced 
by  using  a  large  value  of  inductor.  A  low  value  of  capacitor  at  output  acts  as  filter. 

3.3  The  inverter 

The  work  of  the  inverter,  principally  built  with  semi-conductor  electronic  devices  [9]  (IGBTs  and 
diodes),  is  to  convert  the  generated  dc  voltage  into  appropriate  ac  currents  to  be  fed  into  the  3  phase  low 
voltage  utility  grid  [7,9].  Pulse  width  modulation  (PMW)  and  space  vector  modulation  (SVM)  [25] 
techniques  are  utilized  to  control  the  gate  signals  of  power  switches  according  to  the  current  references  and 
averaged  voltage,  in  Figure  1,  the  dc  of  the  inverter  can  be  described  as  follows: 


Figure  1.  Block  diagram  of  the  power  and  control  subsystems  for  the  3-phase  grid-connected  PV  system. 
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ip  =  iclink  +  icc 

icc  =  Su.iu  +  Sv.iv  +  Sw.iw  (1) 

iclink  =  cclink  (dVcc/st) 

Ppv  =  ip  Vp 

where  vp,  ip  are  the  voltage  and  the  output  current  of  the  Photovoltaic  generator,  respectively,  PPV  is  the 
available  power  for  a  specific  irradiance,  Vcc  is  the  dc  bus  voltage,  ic  link  is  the  current  through  the  link 
capacitor  Cclink,  and  icc  is  the  current  issued  to  the  3  phase  VSI  (which  is  a  function  of  the  line  currents  iu, 
iv,  iw  and  the  states  of  the  power-poles  Su,  Sv,  Sw(l:  ‘on’,  0:  ‘off,  Si-upper  pole,  ST  lower  pole  in  the  3 
phase  VSI).  Taking  into  account  that  the  voltage  in  the  capacitor  is  approximately  the  same  that  the  voltage 
in  the  three-phase  utility  grid,  the  dynamic  in  the  ac  of  the  inverter  expressed  in  a  vector  way  is  as  follows: 

u-uAC  +  Ljt  =  uR+uL  (2) 

Where  U  is  inverter  voltage,  i:  inverter  line  current,  Uac:  utility  grid  voltage  space  vectors,  L:  the 
line  inductance,  R:  resistance. 

Expressing  the  last  vector  equation  with  its  d  and  q  components  in  d-q  axes  using  the  Park  vector 
transformation  [18,26],  the  instantaneous  active  power  (p)  and  the  instantaneous  reactive  power  (q)  can  be 
expressed  as  follows  [17,25]: 


P=  UACd  id  +  UACq  iq 

(3) 

q  =  UACd  id  -  UACq  iq 

(4) 

Where  UACd,  UACq,  idand  iqare  the  d-q  components  of  3 -phase  voltages  and  currents, 
respectively,  allowing  a  decoupled  control  of  the  instantaneous  active  and  reactive  powers  if  vector  Uac  is 
aligned  with  the  d  axis  (UACq=  0). 

3.4  LCL  Filter 

In  addition  of  guaranteeing  a  constant  power  delivery  to  the3 -phase  utility  grid,  renewable  agents 
must  fulfill  the  power  quality  regulations.  The  maximum  total  harmonic  distortion  (THD)  for  the  3 -phase 
currents  must  be  around  5%  [28]  according  to  heteronormative  [6,29],  whereas  the  normative  for  the  low 
order  harmonic  distortions  is  indeed  more  restrictive.  An  abstract  of  different  standards  about  power  quality 
for  photovoltaic  systems  can  be  found  in  [30].  Ripples  are  produced  in  the  output  currents  of  the  inverter  due 
to  the  high  frequency  commutation  of  the  IGBTs,  meanwhile  the  low  order  harmonics  are  produced  by  non¬ 
linear  loads.  The  good  solution  for  correcting  the  high  frequency  ripples  is  by  utilizing  an  LC  or  an  LCL  filter 
in  the  ac  side  of  the  inverter  [31]. 

3.5  EMI  filter 

In  a  grid-connected  renewable  agent,  it  is  essential  to  take  into  account  the  harmonic  pollution  due 
to  the  Electromagnetic  Interference  (EMI).  These  EMIs  are  produced  by  the  commutation  of  semiconductor 
electronic  devices  (IGBTs  and  diodes)  [30]  and  an  EMI  filter  is  required  to  reduce  it.  There  are  various 
methodologies  to  design  an  appropriate  EMI  filter,  some  of  them  are  founded  on  trial  an  error  [30,31],  and 
some  novel  methodologies  are  cited  in  several  publications,  including  [33,34]. 


4.  CONTROL  SUBSYSTEM 

The  control  subsystem  is  formed  by  the  PI  regulators,  PSD  synchronization,  and  the  and  the  Uuvw 
generation. 

4.1  PI  Regulators 

regulators  The  implemented  control  strategy  utilizes  a  cascaded  control:  an  outer  voltage  regulator 
and  an  inner  current  regulator.  This  control  has  been  performed  utilizing  PI  controllers  [17]:  the  outer  loop 
regulator  compares  the  dc  bus  voltage  in  the  link  capacitor  with  the  reference  which  arrives  from  the  block 
Vdc  regulator  keeping  a  constant  dc  voltage  and  making  the  power  balance  between  the  Photovoltaic  system 
and  the  utility  grid,  whereas  the  inner  control  loop  utilizes  two  controllers  to  regulate  the  d-q  components  of 
the  line  currents  permit  the  synchronization  of  the  3  phase  inverter  line  currents  with  the  3  phase  utility  grid 
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voltages.  A  block  diagram  of  the  continuous  equivalent  low  signal  model  of  the  cascaded  control  for  the  3 
phase  VS  I  used  for  Photovoltaic  systems  is  depicted  in  Figure  2. 


Figure  2.  (a,b,c,)  bloc  diagram  of  controller  for  3 -phase  VSI  for  PV  system 


The  synchronization  algorithm  for  arriving  a  controllable  power  factor  in  the  connection  should 
detect  the  phase  angle  of  the  3  phase  utility  grid  voltages  with  optimal  dynamic  response  and  reliability  in 
order  to  get  the  synchronization  of  the  controlled  3  phase  inverter  currents  and  assure  the  proper  behavior  of 
the  inverter  control  strategy.  There  are  various  studies  which  show  different  structures  for  synchronization 
algorithms  [12],  existence  the  Phase  Focked  Foop  the  classical  one.  A  3  phase  Phase  Focked  Foop  (PFF) 
structure  is  shown  in  Figure  3,  which  is  made  by  the  Clarke  and  Park  transformations  (also  known  as  abc  —> 
dq  transformation),  the  PI  regulator  as  the  loop  filter,  and  an  integrator  as  the  voltage -controlled  oscillator 
(VCO).  This  PFF  structure  is  evenly  known  as  Synchronous  Reference  Frame  PFF  or  dqPFF:  the  input 
variables  are  the  3  phase  utility  grid  voltages(ua,ub,uc),  and  the  output  variable  is  the  phase  angle  (Oobs). 
The  design  of  the  Phase  Focked  Foop  gain  is  a  critical  point  within  this  process.  The  closed  loop  transfer 
function  of  the  dqPFF  is  giving  by: 

H(s)=  (  KpS+Ki)  /  (S2  +  KpS+Ki)  (5) 

where  Kp  is  the  proportional  gains  employed  PI  regulator,  Ki:  integral  gains  of  the  employed  PI  regulator. 
Eq.  (5)  is  a  second  order  transfer  function,  similar  to  (6). 

G(s)=  (2^cdOS  +  cdO2)  /  (S2+2^coOS  +  coO2)  (6) 

where  coO  is  the  natural  angular  frequency,  £:  is  the  damping  factor,  from  equating  (5)  and  (6): 

Kp  =  9.2  /  Ts  (7) 

cdO  =  Kp  /  2£,  (8) 

Ki  =  coO2  (9) 

In  this  work,  the  dqPFF  gains  are  calculated  so  as  to  obtain  TS=  0.05  ms  (one  50  Hz  cycle)  allowing 
a  fast  response  of  the  algorithm  when  a  variation  of  the  nominal  frequency  occur,  and  a  damping  factor  £= 
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0.871  is  chosen.  Equating  (7)-  (9),  the  another  variable  can  be  computed:  Kp=  60,  co0=  37.41  rad/s  and  Ki= 
1400.  The  value  give  of  coO  guarantees  a  trade-off  between  the  dynamic,  the  stability  and  harmonic  rejection 
capability  of  the  dqPLL  algorithm. 

The  dqPLL  method  is  very  sensible  to  grid  voltage  unbalances  [8],  which  also  produces  second 
order  harmonics  in  d-q  synchronous  reference  frame  due  to  the  effect  of  the  inverse  sequence,  in  fact,  the 
sensors  to  be  utilized  can  introduce  second  order  harmonics  due  to  accuracy  errors,  moreover,  the  3  phase 
low  voltages  of  the  utility  grid  could  be  contaminated  with  harmonics  and  assumed  by  variations  of  the 
fundamental  frequency.  A  resolution  to  the  problems  caused  by  the  unbalance  3  phase  utility  grid  voltages  is 
adding  a  PSD  block,  which  is  founded  on  the  symmetrical  components  method  [15].  it  is  possible  to 
decompose  the  unbalanced  3  phase  utility  grid  voltages  in  negative,  positive  and  zero  sequences,  allowing  a 
good  performance  of  the  PLL  algorithm.  In  time  domain,  the  instantaneous  positive  sequence  component 
V+abc  of  a  voltage  vector  is  given  by  [10]: 


Figure  3.  Block  diagram  of  the  PSD  +  dqPLL  synchronization  algorithm. 


Va+(t)  =  0.5  Vc(t)-((l/6)(Vb(t)+Vc(t))-(l/2V3)Sgg(Vb(t)-Vc(t))  (10) 

Vb+(t)  =-(  Va+(t)  +  Vc+(t) )  (11) 

Vc+(t)  =  0.5  Vb(tH(l/6)(Va(t)+Vb(t))-(l/2V3)Sgg(Va(t)-Vb(t))  (12) 

where  S90  is  a  90-degree  phase-shift  operator  can  be  designed  with  the  following  transfer  function: 

HS90  (S)  =  (1-  (s  /  cdO))  /  (1+  (s  /  cdO))  (13) 


By  adding  the  PSD  block  with  Eqs.  (10)-  (12)  to  the  dqPLL  structure,  a  PSD  +  dqPLL 
synchronization  algorithm  able  to  extract  the  positive  sequence  of  the  3 -phase  utility  grid  voltagesis  obtained, 
and  then,  a  reliable  detection  of  the  positive  sequence  of  the  frequency  and  phase  will  be  achieved  when 
voltage  unbal-ances  occur.  A  possible  drawback  of  the  PSD  can  be  observed  in  Equation  (13).  The  S90 
phase-shift  operator  has  been  implemented  using  a  non-adaptive  nominal  angular  frequency  coO,  making  this 
filter  sensibleto  frequency  variations  of  the  utility  grid  voltages,  which  will  lead  to  a  small  degradation. 

4.2  Vuvw  Reference  Generator 

The  reference  voltage  signal  for  generating  the  pulses  is  generated  in  Vuvw  reference  generator 
diagram,  which  is  shown  in  figure  4  below: 
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(Garadian  far  delsi  af  TsJGontrol) 


Figure  4.  Vuvw  reference  generator  diagram 


5.  CASE  OF  STUDY 

A  Photovoltaic  grid  connected  system  of  5  kW  of  nominal  power  at  standard  conditions  (1000 
W/m2  and  25°C)  will  be  studied  in  order  to  evaluate  the  control  algorithms  performance. 

A  5  kW  Photovoltaic  array  is  connected  to  a  25 -kV  grid  via  a  boost  converter  and  a  three  phase 
three  level  Voltage  Source  Converter.  MPPT  is  connected  in  the  boost  converter  using  the  Perturb  and 
Observe  T&O’  technique. 

The  elaborate  model  includes  the  following  components: 

1.  Photovoltaic  array  delivering  a  maximum  of  5  kW  at  1000  W/mA2  sun  irradiance. 

2.  5  kHz  boost  converter  increasing  voltage  from  Photovoltaic  natural  voltage  (273  V  DC  at  maximum 
power)  to  500  V  DC.  Switching  D  is  optimized  by  a  MPPT  controller  that  utilizing  the  T&O’  technique. 

3.  1980-Hz  3  level  3  phase  boost  converter.  The  Voltage  source  converter  converts  the  500  V  DC  link 
voltage  to  260  V 

AC  and  keeps  unity  power  factor.  The  Voltage  source  converter  control  system  utilizing  two  control 
loops:  an  external  control  loop  which  control  DC  link  voltage  to  +/-  250  V  and  an  internal  control  loop  which 
regulates  Iq  and  Id  grid  currents.  Id  current  reference  represent  the  output  of  the  DC  voltage  external 
controller.  Iq  current  reference  is  fixe  to  zero  in  order  to  maintain  unity  power  factor.  Vd  and  Vq  voltage 
outputs  of  the  current  controller  are  transformed  to  three  modulating  signals  Uuvw_ref  used  by  the  PWM 
Generator.  The  control  system  utilizes  a  sample  time  of  100  microseconds  for  voltage  and  current  controllers 
as  well  as  for  the  PLL  synchronization  unit.  Pulse  generators  of  DC-DC  and  VSC  converters  use  a  fast 
sample  time  of  one  microsecond  in  order  to  obtain  an  appropriate  resolution  of  PWM  waveforms. 


6.  RESULTS  AND  ANALYSIS 

Figure  5  shows  the  SIMULINK  model  of  the  proposed  sys-tem,  where  a  discrete  model  is  used  for 
the  Plant  with  a  sample  time  of  50  us. 


Figure  5.  SIMULINK  model  of  the  grid-connected  PV  system. 
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The  DC-DC  converter  (orange  blocks)  boosts  DC  voltage  from  273.5V  to  500V.  This  converter  uses 
a  MPPT  system  which  duty  cycle  in  order  to  generate  the  required  voltage  to  extract  maximum  power.  The 
three-level  Voltage  source  converter  regulates  DC  bus  voltage  at  500  V  and  maintains  unity  power  factor. 
The  control  system  utilizes  two  control  loops:  an  external  control  loop  which  regulates  DC  link  voltage  to  +/ 
Id  and  Iq  grid  currents  (active  and  reactive  current  components),  the  voltage  outputs  of  the  current  controller 
(Vd  and  Vq)  are  converted  to  three  modulating  signals  Uref_abc  used  by  the  PWM  three -level  pulse 
generator,  the  output  of  the  DC  voltage  external  controller  is  Id  current  reference.  Iq  current  reference  is  set 
to  zero  in  order  to  keep  unity  power  factor.  The  control  system  uses  a  sample  time  of  100  controllers  as  well 
as  for  the  PLL  synchronization  unit.  In  the  deta  generators  of  Boost  and  VSC  converters  use  a  fast  sample 
time  of  1  appropriate  resolution  of  PWM  waveforms. 

Run  Simulink  for  3  seconds  and  observe  the  following  sequence  of  events  on  Scopes  (Figure  6). 

From  t=0  s  to  t=  0.05  s,  pulses  to  DC-DC  and  VSC  converters  are  blocked.  PV  voltage  corresponds 
to  open-circuit  voltage  (Nser*Voc=5 *64.2=321  V,  see  V  trace  on  Scope  Boost  Figure  6).  The  three  level 
bridge  function  as  a  diode  rectifier  and  DC  link  capacitors  are  charged  above  500  V  (see  Vdc_meas  trace  on 
Scope  VSC) 

At  t=0.05  s,  Boost  and  VSC  converters  are  de  regulated  at  Vdc=500V.  Duty  cycle  of  DC-DC 
converter  is  fixed  (D=  0.5  Figure  7)  and  sun  irradiance  is  fixed  to  1000  W/m2. 

Stable  at  t=0.25  s.  Resulting  Photovoltaic  voltage  is  therefore  V-PV  =  (1  0.5)*500=250  V  (see  V 
trace  on  Scope  Boost).  The  Photovoltaic  array  output  power  is  4.5  kW  (see  Pmean  trace  on  Scope  Boost 
converter). 

At  t=0.4  s  the  Maximum  power  point  tracker  is  enabled.  The  MPPT  regulator  starts  regulating 
Photovoltaic  voltage  by  varying  D  in  order  to  extract  maximum  power.  Maximum  power  (5  kW)  is  obtained 
when  duty  cycle  is  D=0.453.  At  t=0.6  s,  PV  mean  voltage  =274  V  as  expected  from  Photovoltaic  module. 

From  t=0.7  s  to  t=1.2  s,  sun  irradiance  is  ramped  down  from  1000  W/m2  to  250  W/m2.  the 
Maximum  power  point  tracker  continues  tracking  maximum  power.  At  t=1.2  s  when  irradiance  has 
diminished  to  250  W/m2,  duty  cycle  is  D=0.485.  Corresponding  PV  voltage  and  power  are  Vmean=  255  V 
and  Pmean=1.2  kW.  Note  that  the  MPPT  continues  tracking  maximum  power  during  this  fast  irradiance. 

From  t=1.5  s  to  3  s  various  irradiance  changes  are  applied  in  order  to  illustrate  the  nice  performance 
of  the  MPPT  controller. 

In  Figure  7  present  the  proper  time  evolution  of  the  dc  bus  voltage.  A  typical  situation  in 
Photovoltaic  systems  is  a  variation  of  the  solar  irradiance  over  the  Photovoltaic  modules  due  to  clouds  or  a 
sunny  day:  Figure  7  and  figure  8  shows  the  time  simulation  of  a  variation  in  the  incoming  irradiance.  for  that, 
a  step  in  the  output  current  of  the  Photovoltaic  generator  is  exerted  at  0.05  s  from  a  50%  up  to  nominal 
conditions  with  constant  dc  bus  voltage  reference:  for  that,  the  time  evolution  of  the  utility  grid  current  at 
phase  1  is  depicted  in  Figure  8  and  a  growing  of  the  current  can  be  observed. 

variation  an  important  issue  to  evaluate  the  vulnerability  of  the  PSD+dqPLL  synchronization 
algorithm  is  the  survey  of  the  degradation  of  the  power  factor  in  the  inverter  grid  connection  when  frequency 
variations  occur,  regarding  the  international  regulations. 

The  simulation  of  the  time  evolution  of  the  detected  frequency  and  phase,  utilizing  the  dqPLL  and 
the  PSD  +  dqPLL  synchronization  algorithms  are  shown  in  FigurelO.  The  rms  value  of  the  3 -phase  utility 
grid  voltage  is  Vrms=  500  V  (phase -to-phase)  and  a  step  of  frequency  from  50  Hz  to  60  Hz  is  exerted  at  0.05 
s.  The  frequency  detection  by  two  algorithms  is  shown  in  Figure  10;  even  though  the  S90  filter  has  been 
elabored  for  a  nominal  frequency  of  50  Hz,  a  similar  response  to  the  dqPLL  is  achieved,  admissible  phase 
detection  is  attained  by  the  PSD  +  dqPLL,  but  it  must  be  pointed  out  that  a  small  lag  between  the  detected 
phases  can  be  observed. 


Figure  6.  Waveforms  of  Boost  Converter:  Ir,  Figure  7.  Response  of  Voltage  Source  Converter 

Pmean, Vpv,  D 
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Figure  8.  Response  of  Voltage  Source  Converter  Figure  9.  grid  voltage  and  curent 

Waveform  for  Modulation  Index  and  Inverter 


Figure  10.  Synchronized  Grid  Power  Figure  11.  Time  evolution  of  the  detected  frequency 

and  phase  when  a  step  of  frequency  is  exerted. 


7.  CONCLUSION 

In  the  present  study  we  performed  a  performance  study  of  a  Positive  Sequence  Detector  (PSD)  plus 
a  dqPLL  (PSD  +  dqPLL)  synchronization  algorithm  was  performed  using  MATLAB/SIMULINK 
simulations,  the  principle  achievement  has  been  to  make  an  evaluation  of  the  behavior  of  this  synchronization 
algorithm  by  introducing  several  perturbations  into  the  3  phase  utility  grid.  As  it  is  known,  the  PSD  block  is 
built  using  a  discrete  filter  which  related  to  the  nominal  frequency  of  the  utility  grid,  which  apparently  is 
sensitive  to  the  variation  of  the  nominal  frequency. 

The  proposed  Photovoltaic  system  can  provide  enhanced  active  power  smoothing  and  expanded 
reactive  power  compensation.  A  developed  dual-stage  DFT  PLL  method  was  verified  to  be  able  to  realize  the 
active  and  reactive  power  separation  and  improve  the  dynamic  performance  of  the  Photovoltaic  system. 
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